Introduction
In recent years there are significant numbers of papers published in load shedding problem. Most of the works deal with a tool or technique used for shedding optimal value of load. Broadly these methods or techniques can be put under three categories. 1) Conventional load shedding-where under voltage load shedding and under frequency load shedding are important.
2) Adaptive load shedding 3) Computational techniques for load shedding. Under computational techniques many types are there such as fuzzy logic control, neuro fuzzy, genetic algorithm and so on. (3) .
From late 1980 and from start of 1990 the penetration of computational intelligence is felt in power systems and it has created a positive impact. Artificial neural networks were deeply analysed by many researchers like Hooshmand.R et.al (4) and the results has significant improvement when compared to conventional techniques.
Similarly fuzzy logic has proved its flexibility and diligence in power system control problems, particularly in load shedding problems. Load shedding is used as a tool in present deregulated market, where most of the power system networks are operating very close to their limits. If not properly done at the right time the network may eventually go for a cascaded failure. Fuzzy logic is based on the mimic of human intelligence its solutions for load shedding problems are more optimized and also practical.
Research problem
In this work results from earlier works have been taken and it is applied over a new concept-path analysis. Path analysis even though it is widely used in other areas like sciences, management and so on, its potentiality is not fully explored in engineering, particularly in power systems.
Path analysis was originally developed by a geneticist Sewall Wright in 1920s to examine the effects of hypothesized models in phylogenetic studies. Here systems of equations were written by him based on correlations among variables. It is a statistical tool used primarily to examine the comparative strength of direct and indirect relationships among the variables (5). These variables are critical in influencing the output.
In this research three cases have been done with fuzzy logic as the fundamental technique. In the first work a real case example is analysed.
CASE I
The first case is enumerated below. The following table shows the data obtained from 220/110/11 KV substation.
The below table 1 clearly indicates the bus voltage values, reactive power, Pdiff and the load to shed. This is obtained from the classical load shedding formula given below. Fuzzy memembership functions and rule sets are framed for these data and the overall results for 110kv bus and 220 KV bus is shown below, which indicates that the fuzy based load shedding is more good than the conventional load shedding(1). Similarly for a 220 KV bus system the results are shown below Similarly for 220 KV bus system the graph is shown below These results are applied over path analysis and the following model was obtained. The basic theoritical model is given below. Where H1,H2,H3,H4,H5 represents regression coefficients. Also from the below model it is clear that the output(load to be shed) is dependent on voltage values, reactive power and also Pdiff. Where Pdiff is the difference in shaft power. Here Pdiff is used as the moderating variable. Through this research article it is been analysed how a path analysis can be effectively used to deeply understand how much critical is voltage,reactive power and Pdiff in deciding the value of load to be shed.
From this model it is observed that the input variables such as voltage, reactive power do not have significant impact on output(load to be shed).When the pdiff is used as moderator variable the impact on output is significant. The value of H5˃0.5 it means its impact is more compared to other variables. In our case the value is 0.82. Here e1 and e2 are assigned correction factors in order to address the non-linear behaviour of power systems,because from classical equations it is clear that Pdiff is dependent on df/dt, which is highly non-linear. By assigning these correction factors e1 and e2 the accuracy of results are improved. The overall model fit summary is given below. From the model fit summary the CMIN/DF is 0.615 with the P value of 0.433 > 0.05 which indicates this model is free from bad fit index. Similarly the table RMSEA ( Root Mean Square Error Approximation) shows the value 0.000 indicates the model is free from bad fit index. As far as good fitness of index is concerned the value belongs to 0.980 indicates the model has goodness of fit index.
Model Fit Summary For
From the estimate we can definitely conclude that reactive power has significant impact on Pdiff since the value is less than 0.05. In this case it is 0.03 ˂ 0.05 ( at 5% level of significance). It can be concluded that voltage has an impact on Pdiff. Similarly the impact on output with respect to Pdiff is also significant since the P value is *** (from final estimate table). *** indicates the results are highly authentic.
CASE II
In the second case the load sheddding technique using fuzzy logic is applied over classical IEEE 26 bus system and the crucial results are given below These results are applied over path analysis and the following model was obtained. From the model fit summary the CMIN/DF is 0.736 with the P value of 0.391 which is more than 0.05 (0.391>0.05) indicates this model is free from bad fit index.
Similarly the table RMSEA (Root mean square error approximation) shows the value is 0.000 indicates the model is free from bad fit index. Table RMR ,GFI indicates good fitness of index. As far as good fitness of index is concerned the value belongs to 0.986 indicates the model has goodness of fit index. From the overall table estimate we can definitely conclude that voltage has significant impact on Pdiff [ since P value is less than 0.05, which indicates 5% level of coefficient]. From this it is concluded that voltage has an impact on Pdiff. Similarly the impact on output with respect to Pdiff is also significant since the P value is 0.006 which is less than 0.05 (5% level of significance).
CASE III
In the third case the rate of change of voltage (dv/dt) and the rate of change of reactive power (dq/dt) and its significance in the output (load to be shed) is analysed. This analysis is a crucial analysis in understanding the behaviour of load shedding. The third example is tested in IEEE -26 bus system as presented in the second case. The datas are from the second case example. This is applied over path analysis and the model fit is as presented below. From this model it is observed that the input variables such as change of voltage, change of reactive power have impact on output(load to be shed) but relatively less when compared with the pdiff which is used as moderator variable then the impact on output is significant. Here e1 and e2 are assigned correction factors in order to address the non-linear behaviour of power systems,because from classical equations it is clear that Pdiff is dependent on df/dt, which is highly non-linear. By assigning these correction factors e1 and e2 the accuracy of results are improved.
The overall model fit summary is given below. From the model fit summary the CMIN/DF is 0.258 with the P value of 0.612 which is more than 0.05 (0.612>0.05) indicates this model is free from bad fit index.Similarly the table RMSEA (Root mean square error approximation) shows the value is 0.000 indicates the model is free from bad fit index. Table RMR,GFI indicates good fitness of index. As far as good fitness of index is concerned the value belongs to 0.995 indicates the model has goodness of fit index. From the overall table estimate we can definitely conclude that change of voltage has significant impact on output [ since P value is less than 0.05, which indicates 5% level of coefficient]. In this case it is 0.03 ˂ 0.05 . also it can be concluded that Pdiff has a very strong impact on output -load to be shed. since the value is ***. It proves the authenticity of results.
Conclusion
Path analysis is a very useful as well as powerful tool to understand the behaviour of any system. In engineering, particulary in power system engineering the tool is seldom applied.In this work the tool is applied for fuzzy based load sheddding problems, and the authenticity of the results are verified. Moreover three cases have been taken from earlier works of the authors and path fit summary (path analysis) was done. The results of all the three cases exhibits goodness of fit (GFI). It can be reiterated that Pdiff( difference in power) is very crucial in deciding the amount of load to be shed.
Further the application of this tool can be critically explored in power systems prolems.
